The intragastric inoculation of a suspension of Corynebacterium equi on five consecutive days induced severe ulcerative colitis, typhilitis, and lymphadenitis of colonic and cecal nodes in two ponies necropsied three weeks after infection. No gross lesions were observed in two ponies necropsied ten days after infection. A single inoculum of equivalent size failed to induce gross lesions in four ponies killed at ten or 20 days after infection. Microscopic lesions consistent with early C. equi infection of Peyer's patches were seen in two of the ponies killed ten days after infection. Only one small pulmonary abscess occurred in one foal, suggesting that intestinal lesions are not likely the usual precursor of pulmonary disease in naturally infected foals. The gross and microscopic lesions in the experimentally infected ponies were typical of the intestinal form of naturally occurring C. eqzii associated disease in foals.
Corynebacteriurn equi is recognized chiefly as a cause of severe suppurative bronchopneumonia in the foal, but ulcerative enterocolitis is another, although less common manifestation of the infection in young horses [2, 10, 141 . C. equiinduced enterocolitis has been described in a few case reports and short surveys of C. equi-associated foal disease [ I , 3, 4, 7, 9, 11, 16, 17, 21, 221 . Chronic abscesses of the mesenteric lymph nodes, from which C. equi is cultured, are found occasionally at necropsy as incidental findings [ 161. An extensive study of 40 cases of C. equi infection in Australian foals indicated that lesions in the intestinal tract and associated lymph nodes are more common than previously recognized [ 131. In this study, lymphadenitis of gut-associated nodes, with or without intestinal mucosal lesions, accompanied bronchopneumonia in 23 foals (57.5%). The intestinal lesions occurred alone in another eight foals (20%).
The relationship between the development of the intestinal and pulmonary lesions is not understood fully. Many authors consider the intestinal lesions, whether clinical or inapparent, to be the usual progenitors of the pulmonary abscesses [ 1-3, 1 13. Dissemination of infection from the gut is presumed to occur via intestinal lymph nodes and thoracic duct to the pulmonary circulation. The distribution of the pulmonary lesions in some naturally infected foals, which suggests embolic spread throughout the lung, has been tendered as supportive evidence for this hypothesis [ 1-31. The aims of this study were to reproduce experimentally the enteric form of C. cqzii infection in foals, and to study the pathogenesis of lesions so generated. A brief report of these results has been published elsewhere [ 181. This paper describes the gross and microscopic lesions of the experimentally infected foals in detail and discusses the lesions in relationship to those of naturally occurring C. eqzii-induced enteritis.
Materials and Methods
Six weaned Welsh Mountain pony foals and four weaned foals of mixed breed between three to eight weeks of age were allocated into treatment groups as indicated in table I. Foals 1 to 4 were given 5 x 10' viable C'. cqztiin 75-ml phosphate buffered saline by stomach tube as described previously [ 181. The stomach tube was rinsed with 400-ml water before removal. Foals 7 to 10 were given the same treatment on five consecutive days. Foals 5 and 6 were untreated controls. Two foals from the single dose group (foals 1 and 2) and two from the multiple infection regime (foals 7 and 8) were killed ten days after infection; two foals from the single dose group were killed 20 days after infcction (foals 3 and 4). Foal 10 died 2 1 days after the first treatment, and foal 9 was killed 25 days after the first treatment.
At necropsy, the gastrointestinal tract was removed immediately after the foals were killed. Segments of duodenum. ileum, cecum, right and left dorsal and ventral colon and small colon were fixed in Serra's solution for five minutes. Fixation was completed in 10% buffered formalin. Other tissues were fixed entirely in buffered formalin. Tissues were embedded in parafin, sectioned at 6 pm, and stained with hematoxylin and eosin (HE), Brown and Brenn's modification of the Gram stain, Gordon and Sweet's reticulin stain, Masson's trichrome, and phosphotungstic acid-hematoxylin (PTAH).
Tissue samples from the lungs, spleen, liver, and bronchial, mesenteric, cecal and colonic lymph nodes, and luminal contents from several sites in small and large intestine were cultured for bacteria.
Results
The gross lesions are summarized in table I. There were no gross lesions in foals 1 to 6. The contents of the large intestine of foals 7 and 8 were dry and adhered to the mucosa, but no ulceration was evident when the material was washed away.
Foal 10 developed diarrhea on day 19 and died on day 2 1. At necropsy the foal was thin and dehydrated. The primary lesions were in the intestinal tract and associated lymph nodes. The intestinal contents were green and watery. The entire mucosal surface throughout small and large intestines was scattered with multiple ulcers, becoming less numerous in the distal small colon ( fig. 1 ). The ulcers were shaped irregularly, up to 1 cm diameter, with a red base often covered with fibrin, and a raised border. The ulcers in the ileum and large intestine appeared to be centered on Peyer's patches. The cecal wall was edematous and had numerous intramural caseous foci. Mesenteric lymph nodes were edematous and approximately twice normal size. Cecal and colonic lymph nodes were up to four times normal size and most contained circular foci of caseation necrosis (fig. 2 ). The spleen was enlarged and congested. There were multiple infarcts in the kidney cortices, and a single small abscess (0.5 cm diameter) in the middle lobe of the left lung, which on cut surface contained cream-colored dry crumbly material. Bronchial and mediastinal lymph nodes were grossly normal.
Foal 9 had lesions only in the large intestine. The cecum was affected most severely with a thickened edematous wall and multifocal mucosal ulceration. A few ulcers were seen in the right ventral colon, and there was a single cortical infarct in the right kidney. There were no gross lesions in the lungs and bronchial lymph nodes.
C. equi was cultured from the intestinal tract and associated lymph nodes of foals 2 and 7 to 10 and from cecal lymph node only of foal 1. C. equi was grown from the pulmonary lesion in foal 10. This pony was bacteremic, as indicated by isolating C. equi from spleen, grossly normal lung, and liver. The bronchial lymph nodes of foal 7 also yielded numerous C. equi.
Sections from intestinal tracts of the two control ponies were examined to establish the degree of underlying enteric inflammation to be expected in ponies kept under the experimental conditions. The submucosa was slightly edematous and contained numerous eosinophils. There were prominent equine intimal bodies in the submucosal arterioles. In the large intestine the surface epithelium was attenuated focally and luminal contents were adherent. Occasionally there were small erosions accompanied by neutrophilic exudation. Sections of parasites were (fig. 4 ). The underlying lymphoid tissue was normal. A more advanced microscopic lesion was present in the small colon of foal 2. There was necrosis of the lymphoid tissue and infiltration by neutrophils and bacteria-laden macrophages, but the mucosa was intact.
In the cecum and colon of foals 9 and 10, and in the small intestine of foal 9, there were multifocal areas of mucosal ulceration which often extended deep into the submucosa (fig. 5 ). The ulcers were lined by fibrinonecrotic debris containing bacteria and occasionally fungi and surrounded by a granulomatous inflammatory response characterized by the accumulation of large numbers of macrophages and numerous multinucleate giant cells. These cells contained groups of intracytoplasmic Gram-positive coccobacilli (fig. 6 ). The surrounding submucosa was edematous and infiltrated diffusely with mononuclear inflammatory cells. Lymphatics were dilated and contained large numbers of macrophages and an occasional giant cell often containing bacteria. Marked leukocytosis was evident in submucosal blood vessels.
The mesenteric, cecal, and colic lymph nodes of foals 1 to 8 had the morphology chial lymph node, thymus, kidney, heart and spleen, had lesions of disseminated intravascular coagulation, often associated with microhemorrhage.
Discussion
The naturally occurring C. eqzii entercolitis, in which there is no accompanying pneumonia [ l , 3, 7, 13, 231 , indicates that the organism is capable of causing infection and disease orally. Attempts to induce experimental lesions by this route, however, have not been successful universally [8, 1 1, 12,201 . Enteritis was produced in two foals fed C. eqzri isolated from the lungs of a naturally infected foal [ l I], but no lesions were detected when another two foals were fed C. equi isolated from the soil of affected properties [ 1 11 . Another author failed to cause lesions in either the respiratory or alimentary tracts, using a combination of intranasal and oral inoculation [8] . We produced typical intestinal lesions only in those foals given the organism on five consecutive days. A single dose of organisms was ineffective, emphasizing the dose dependence of lesion generation. The interval between infection and development of enteric lesions was approximately three weeks, the same period as elapsed between infection and death in the successful challenge cited above [ 1 13 .
Until recently, C. eqzii was considered to be primarily a soil-associated organism [5, 14, 15, 241 . The sporadic incidence of the disease was thought to reflect contamination of the soil of individual farms by carrier animals [5] . Epidemiologic studies have challenged the accepted dogma [26] . Using a selective medium for culturing C. eyui [25] , the organism was isolated from the feces of the majority of horses tested, which indicated that the organism may be part of the normal flora of the equine intestinal tract [26] .
It is, therefore, very likely that our foals already harbored C. equi in the intestinal tract. A single dose of organisms was insufficient to alter the balance of the normal flora or to breach the intestinal epithelium in sufficient numbers to cause gross lesions, although microscopic lesions were seen in two foals killed ten days after infection. During the period of establishment of C. equi in the normal foal intestinal tract, transient microscopic and sometimes macroscopic lesions may develop in the mucosa and in the draining lymph nodes [13] . Such macroscopic lesions occasionally are described as incidental necropsy findings in foals which die of other causes [ 161. Whether foals develop severe lesions and associated diarrhea probably depends upon the size of the bacterial challenge and individual foal factors, including the animal's immunological status [26] . Foals develop significant lymphocyte stimulation indices to C. equi antigens at approximately two to three months of age [ 191. This fact may explain the failure to orally infect adult animals [l I ] and older foals [8] .
The gross lesions in our experimental foals were typical of those seen in naturally infected foals described in the literature [ 1, 7, 1 1, 131 and in foals necropsied at the Ontario Veterinary College. As in our experimental foals, intestinal lesions in the spontaneous disease are most extensive in cecum and colon [ 1, 7, 1 1, 141 although lesions in the small intestine, similar to those in foal 10, are reported [7, 231. The mucosal lesions usually are described as abscesses [ 1, 131 or ulcers [4, 7, 1 I] . The lesions in intestinal lymph nodes are described as caseous or suppurative [7, 13, 141 . There is a detailed account of the intestinal lesions in one foal with acute and one foal with chronic spontaneous C. equi enteritis [7] . Gross lesions in experimental foals 9 and 10 coincide well with the description of the lesions in the acutely affected foal from that study [7] .
The kidney infarcts, such as those found in foals 9 and 10, are reported infrequently in the natural disease [ 1, 41. The lesions of disseminated intravascular coagulation, as seen in foal 10, have not been reported in the natural disease. The most likely explanation for these lesions in foal 10, Salmonella infection, was not confirmed by bacterial culture. Concurrent Salmonella anatzim infection, however, has been reported in C. cymi enteritis in a foal [22] . Endotoxemia, following the extensive intestinal ulceration in foal 10, may have caused the disseminated intravascular coagulation, but the possibility that C. equi was responsible for the septicemic lesions cannot be ruled out.
The earliest microscopic lesion in the intestinal tracts of the experimental ponies indicated that C. eqqrri penetrates the specialized epithelium lying over the Peyer's patch. This route of entry has been demonstrated for other enteric pathogens, such as Salmonella [6] , and would explain the predilection of the C. equi lesion for the gut-associated lymphoid tissue [ 141. Within the Peyer's patch, failure of the phagocytes to eliminate the organism generates the typical pyogranulomatous inflammatory response described in natural disease [2, 7, 101. Villous atrophy has been described in the small intestine of both acute and chronic naturally occurring C. cqui enteritis [7] . This lesion was not noted in the experimental foals.
Microscopic lesions in the intestinal lymph nodes from the natural disease also are pyogranulomatous and usually so extensive that the architecture of the node is obliterated [7, 141. The advanced lesions in foals 9 and 10 follow this pattern. Where the structure of the node has not been destroyed, the microscopic lesions suggest that viable C. equi bacteria are transported to the node within phagocytic cells and are arrested in the interfollicular cortex, where the earliest pyogranulomatous lesions occurred.
In addition to establishing a model for the enteric form of C. eqzii infection in foals, this experiment provides information on the relationship between intestinal and pulmonary lesions. Despite the generation of a severe enteritis and evidence of bacteremia in two foals, the only pulmonary lesion was a single, small, wellcircumscribed abscess. This lesion did not resemble the suppurative bronchopneumonia typical of the natural disease. Pulmonary lesions have been described following experimental inoculation of C. eqzti [ 1 11, but lung contamination by aspiration from the pharynx cannot be ruled out. It appears, therefore, that pulmonary lesions may develop following enterocolitis but that in the spontaneous disease, the more likely sequence of events is aerosol infection of the lungs with secondary involvement of the intestinal tract.
